Speculations on a possible neutron enrichment of the nuclear surface (or, equivalently, on a larger radius for the neutron distribution than for the proton ~ist!'_ibutio!:!L~() back many years (see, for example, Ref. 2) . Various more or less reasonable arguments for such an effect had been advanced, but a reliable estimate for its magnitude was, for a long time, not available. Such an estimate required, first, the isolation of the dominant physical elements governing the formation of a neutron skin and, second, the incorporation of those elements in a self-consistent, quantitative theory.
THE DROPLET MODEL FORMULA FOR THE NEUTRON SKIN
According to the Droplet Model of average nuclear properties (see Refs. 3,4,5; "average" implies the disregard of, or an averaging over, nuclear shell effects) the physical elements governing the formation of a neutron skin are very simple. Thus, the well-known preference of bulk nuclear matter for symmetry, i.e., for equality of the neutron and proton densities, will, in the case of a nucleus with a neutron excess (N > Z), provide a driving force trying to push the excess neutrons out of the bulk region and into the surface. (The electrostatic energy associated with the protons will reduce this tendency by trying to increase the radius of the proton distribution.) The resulting driving force is / -3-resisted by the nuclear surface energy which, in its turn,. is also happiest when conditions in the surface are symmetric, i.e., when there is no neutron skin. These opposing tendencies result in a compromise in which, for most nuclei, the ratio of the neutron-to-proton densities in the bulk is somewhat less than the ratio of N to Z, and the effective neutron surface is somewhat outside the effective proton surface, thus leading to a neutron skin with some effective thickness t, say.
(The phrase "neutron skin of thickness t" has sometimes been misunderstood as implying a very unrealistic model with sharp neutron and proton distributions, for which a layer or pure neutrons would appear at the surface. It is important to stress that -certainly in the Droplet
Model context -"neutron skin" simply refers to the distance, t, between the locations of the two diffuse surface profiles, i.e. , to the shift that would be necessary to put one profile on top of the other. This leads to some enrichment of the surface layer in neutrons but not to a pure neutron skin.)
The strength of the bulk driving force is characterized by the nuclear symmetry-energy coefficient J (close to 36. Thus the neutron skin thickness, in units of the natural length r . 0
(the radius constant of nuclear matter), is predicted to be (apart from the factor 3/2) the ratio of the driving force JI to the restoring force stiffness Q.
The inclusion of the electrostatic energ~ of the protons (equal to
force JI by a readily calculable amount and ,leads to as the equation for the valley of S-stability. Comparing Eqs. (3) and (4) we arrive at the following theorem:
rrNuclei whose neutron excess is more than one-sixth of Apart from this quantitative statement, the most obvious qualitative consequence of the physics embodied in Eq. (2) is that, unless one is willing to postulate that the nuclear surface energy is infinitely stiff against the formation of a neutron skin (i.e., unless Q = oo), there must, in general, This equation correctly predicts that as Q tends to zero and all the excess neutrons are pushed into the surface, t tends to t max (for an uncharged nucleus). Without the second term in the denominator of Eq. (5) the value of t diverges as Q goes tc;:> zero.
Equation (5) is the Droplet Model formula for the thickness of the neutron skin of a spherical nucleus. COMPARISON WITH EXPERIMENT AND HARTREE-FOCK CALCULATIONS (9) (10) 1) The firming up of th.e measured values of ~RMS.
2) An estimate of shell effects and their isolation from the smooth background governed by the value of Q. is intimately related to other nuclear properties, in particular to the surface symmetry energy, to isotope and isotone shifts and to the Giant Dipole resonance.
2) The physics of the neutron skin consists of the push by the bulk symmetry energy (modified by the electrostatic repulsion) balanced against the neutron skin stiffness characterized by the coefficient Q. The resulting Droplet Model formula for the thickness of the neutron skin is elementary.
3) Even without an estimate of Q one predicts that nuclei with a relative neutron excess more than one-sixth of that characterizing the valley of beta-stability should, on the average, have a neutron skin.
4) Still without making an estimate of Q one may set an upper limit on the thickness of the neutron skin (divided by the nuclear radius) as two-thirds of the relative neutron excess I. (Equation (A.3) is obtained by combining Eqs. (5), (6), (7), (42), (47) Again, it will be found that the differences involve quantities that are formally of higher order in the small expansion parameters of the theory.
Unless there is a special reason not to do so, the simplest looking alternative is probably the one to use, for example, Eq. (,'\.2) in this paper.
